The work described in this paper was suggested b y th e results o f earlier work done in this laboratory in an endeavour to elucidate th e fu n d am en tal causes o f power loss in dielectrics subjected to altern atin g stress.
( Communicated by E . V. Appleton, F .R .S.-Received 1 February 1940) I n t r o d u c t io n The work described in this paper was suggested b y th e results o f earlier work done in this laboratory in an endeavour to elucidate th e fu n d am en tal causes o f power loss in dielectrics subjected to altern atin g stress.
The work referred to has been described in th ree papers (Jackson 1935; Sillars 1938; Pelm ore 1939) an d refers to th e dielectric characteristics of m ixtures of paraffin w ax w ith sm all am ounts o f long-chain aliphatic esters. I t was shown in these papers th a t th e observed dielectric losses can be interpreted in term s of th e D ebye th eo ry of polar molecules and th a t th e molecules probably ro ta te as rigid rods: th is conclusion w as based on a stu d y of th e effect of th e chain lengths o f th e molecules o f th e polar an d non-polar constituents o f th e system . The last paper also described experim ents in which' th e molecules o f th e polar constituent contained tw o polar g ro u p s: w hen th e resolved p a rts o f th e dipole m om ents o f these tw o groups tran sv erse to th e chain length were in opposing senses, no appreciable pow er losses resulted, b u t w hen these were in th e sam e sense th e loss characteristics w ere sim ilar to those o f th e corresponding m ono-esters. I t was pointed o u t th a t th is m ight give a clue in th e search for new low loss dielectrics an d th a t it m ig h t be possible to achieve good results b y using long-chain com pounds containing a n even num ber o f polar groups arranged so th a t h a lf th e dipole com ponents tra n s verse to th e chain are in th e opposite sense to th e .other half. This paper describes th e results o f a p relim inary investigation to find o u t w hether these conclusions are in an y w ay applicable to highly polym erized substances: th e polym ers obtained b y th e esterification o f dibasic acids w ith glycols were chosen for th e purpose.
Ma t e r ia l s
The researches referred to in th e intro d u ctio n were m ade w ith m aterials whose chemical constitution an d crystalline stru c tu re were know n an d an a tte m p t was m ade to relate th e observed dielectric properties to th e know n [ 468 ] facts about th e physical and chemical constitution. The m aterials were n o t chosen because th e y h a d any practical possibility as dielectrics, b u t because th e y were found to be suitable for studying th e effect o f m olecular stru ctu re on th e dielectric loss and its variation w ith tem p eratu re an d frequency.
The aim of th e present w ork is to find out if th e conclusions draw n from th e earlier w ork are applicable to m aterials whose stru ctu re is m ore compli cated. H ere again th e m aterials were chosen n o t because th e y o f them selves had any practical possibilities b u t because it was hoped th e results would be easy to in terp ret and th a t th e conclusions m ight be applicable to a wide range of synthetic and n a tu ra l m aterials. The repeating u n its in th e longchain polyesters o f glycols and dibasic acids are very sim ilar to th e aliphatic esters used in th e earlier work.
These polym ers have been studied by Carothers and others and are found to consist o f long-chain molecules of th e ty p e
The molecular weights v a ry w ith th e m ethod of preparation, b u t are of th e order of 30,000.
The X -ray stru ctu re of such polymers has been investigated by C. S. Fuller and C. J . Frosch (1939) . They found th a t for all th e polyesters th ey used, except ethylene succinate, th e chains were linear an d h ad a p lan ar zigzag structure. There are tw o forms of ethylene succinate an d th e m ost usual form is believed to have a helical structure. F o r th e polyesters (con taining b oth odd and even num bers o f carbon atom s in th e repeating groups) th e carbon chains in draw n fibres are parallel to each o ther and parallel to th e fibre direction. The planes containing th e ends of th e re peating groups are perpendicular to th e chain axes in th e polyesters w ith odd num bers of carbon atom s in th e repeating units, b u t oblique to them in those where th e repeating groups contain even num bers o f carbon atoms.
F o r our experim ents th e polymers were prepared by heating th e dibasic acid w ith a slight excess of th e glycol a t 160° C for 8 hr. u n til no more w ater distilled off; th e excess glycol was rem oved by heating under a pressure of 15 mm. of m ercury for 6 hr. and finally heating was continued for 4 hr. under a pressure of about 0-2 mm. The p ro d u ct was dissolved in. chloroform dried w ith sodium sulphate and reprecipitated w ith ether.
The polymers used are given in th e table in which x and y refer to th e num ber of carboD atom s in the acid and glycol portions of th e chain. The arrows in th e last column of this table represent the directions of th e dipole moments of the ester groups. For example, if we write the formula of poly trimethylene succinate, we have: When x and y are both even, there is a regular alternation in the direction of the dipole moments with respect to the chain axis, and we should expect this type to give the least polarization. So far as the carbon chains can be considered as rigid rods, this type should give no power loss in alternating fields. Types 2 and 3 are similar and the directions of the dipole moments transverse to the chain axes alternate in pairs: if the chains were strictly rigid these types should also give no loss.
In type 4 all the dipoles have the same direction with respect to the chain axis, and if the chain can rotate this should give the maximum polarization of the four types and the maximum power loss.
Apparatus
The apparatus has been described elsewhere (Sillars 1938) . The measure ments were made on specimens of about 1 mm. thick, formed by the solidification of the molten resin between the condenser plates.
R esults and discussion
Figures 1-5 give the observed values of tan for five different polymers. In figures 2-4 (polymers type B, C and D respectively), it can be seen th at the curves of tan 8 and temperature show a well-defin Tan 8, however, does not fall to zero at high and low temperatures as it did ta n S % 314 kc./s. te m p e ra tu re °C.
F ig u r e 1. P o ly e th y le n e s u c c in a te .
ta n 8% l55kc./s. 366kc./s.
te m p e ra tu re °C.
F ig u r e 2. P o ly tr im e th y le n e s u c c in a te . tan8% 3490 kc./s.
F ig u r e 3. P o ly e th y le n e m a lo n a te .
in the simple paraffin ester systems; this is probably due to moisture or to impurities. Thus the curve for 165 kc./sec. in figure 4 falls to only 3% at high temperatures and this is almost certainly due to residual moisture.
(Note: Garton (1939) has published recently the results of an investigation of the dielectric properties of a chemically pure glycol phthalate resin. For this pure resin there was a similar sharp maximum in the curves of tan tanS% 165 kc./s.
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F ig u r e 4. P o ly tr im e th y le n e m a lo n a te .
ta n 8% temperature °C.
F ig u r e 5. P o ly e th y le n e a d ip a t e .
plotted against temperature and the values of tan a t temperatures remote from the maximum were below | %.) Figures 1 and 5 show th a t for polyethylene succinate and polyethylene adipate, both of type A (see table 1) the curves are quite different from those for the other three types: the maximum value of tan 8 is very much less and the curves are much broader. In view of the uncertainty about the structure of polyethylene succinate not much can be inferred from figure 1, b u t figures 1 an d 5 are nevertheless sim ilar to each o th er an d different from th e others. I t has been pointed o u t th a t if th e m olecular chains behaved as rigid rods, th e n polym ers o f th e ty p e A, B or C should give no loss, b u t th is is co n trary to experience. There are th ree a lte rn a tiv e s :
(1) The chains are n o t rigid.
(2) The observed loss is due to other causes th a n th e ro ta tio n o f polar groups.
(3) The observed loss is due to th e end groups or to th e presence o f polym ers o f low m olecular weight.
I t is tru e th a t th e loss in polym ers o f ty p e A, as illu strated b y figures 1 an d 5, is insensitive to tem p eratu re an d th e general behaviour is v ery rem iniscent of m any commercial dielectrics. I t m ay well be th a t th e neu tralization of th e dipoles is substantially com plete in th is ty p e, an d th a t th e residual loss is due alm ost entirely to non-polar effects. T he fact th a t types B and C give sharp m axim a o f ta n shows th a t if th is loss is due to polar molecules th e chains certainly do n o t behave as rigid rods.
I t is interesting to notice th a t, in spite o f th e ir high m olecular w eight, th e relaxation tim es in these polym ers are of th e sam e order as those found for sp erm aceti: w e'm ust conclude, therefore, th a t th e relax atio n in th is case is n o t governed b y th e chain length as it was in th e o th er system s, b u t th a t th e loss is due to a certain flexibility in th e chains.
I t is seen, however, th a t ty p e A is quite different from types B, C, D, an d th e difference is probably due to th e fact th a t th e orientation o f an y one group in line w ith th e electric field is hindered by a to rq u e in th e opposite sense due to b o th neighbouring groups.
I t is hoped th a t this prelim inary work will lead to a more detailed in vestigation w ith a w ider range of substances and an investigation o f th e effect of th e m olecular weights on th e dielectric properties o f such polym ers.
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